This paper analyses the root cause why there is not any self-consistent quantization scheme of gravity yet from Einstein's theory of gravity, proves the gravitational field is a gauge field and gives the quantization and renormalization scheme of the gravitational field.
Introduction
The core idea of Einstein's theory of gravity is that the gravitational effect results in the curve of space-time，and the motion of body in gravitational field is equivalent to the motion in the curved space-time (Einstein, 1916 ). Einstein and others had obtained many important results consistent with the observation on the basis of the principle above. However, there is an important problem troubling physicists for a long time, it is the quantization of gravitational field. It is impossible to unify the gauge field theories to describe the four interactions if the problem is not solved.
We know that the quantization of field must be carried out in a certain background space-time, and the gravitational field is not an exception. If we take the curved space-time as the background space-time for the quantization of gravitational field, since the covariant differential of the metric tensor g μν equals zero： ; 0 μν λ = g ，
the quantization of gravitational field is impossible, because no matter what the quantization method, canonical quantization or other quantization methods, it is inseparable from a physical reasonable Lagrange density, and a reasonable Lagrange density must contain the physical quantities and their derivatives (Weinberg, 1972 g μν λ in the curved space-time due to the equation above, so the quantization of gravitational field is impossible in the curved space-time. In other words, we cannot take the curved space-time both as the quantized object and the background space-time. Otherwise, we would get into paradox in one way or another. This is the root cause why we do not have a self-consistent quantization scheme of the gravitational field yet.
On the other hand，a local inertial system can be set up at any point in the curved space-time, in which the special relativity is established according to the equivalence principle. In fact, the discussion about the localized field theory in the local flat space-time is only natural. For example, people discussed the gravitational waves on the condition of weak field approximation and had established the tetrad formation in the local flat space-time (Weinberg, 1972) .
According to the above analysis, the gravitational field should and could be quantized in the local flat space-time. We will see that the gravitational field could be very naturally quantized and renormalized from the Lagrange density of gravitational field in the local flat space-time.
The Gravitational Potential: From Tensor to Vector
The Lagrange density of gravitational field used to derive the Einstein's equation could be written as (Weinberg, 1972) , the scalar curvature is
the tensor curvature is
and the connection is
The quantities above are the functional of coordinate x in the local flat space-time.
The canonical physical quantity conjugated with the gravitational potential αβ g is defined as
Substitute the previous several equations into the equation above, we obtain
Take the harmonic coordinates：
There is 
This is the gravitational field intensity.
In the case of static weak field there are
So there is
This is the intensity of Newton's gravitational field, where Newton's gravitational potential is
The Classic Gravitational Field
As mentioned previously, the gravitational potential is a 4-vector in the local flat space-time on the condition of harmonic coordinates and orthogonal space-time axes. So, the gravitational potential could be written as
A iU / c = and the source material flow density as j μ = ( ,
， c is the speed of gravitational wave. We will show the speed c equals the speed of light in a vacuum later.
Since the transmission speed of gravity is limited, the gravitational potential should be retarded. Assume the source material flow density (15) and (16) can be written into one equation 
This is the motion equation of gravitational field.
The right side of the equation above equals zero out of the field source, the motion equation of the free gravitational field is
This is a linear homogeneous wave equation, its plane wave solution is
where e μ is the polarization vector of gravitational wave. As shown in the equation (10), the gravitational potential A μ satisfies the Lorentz condition:
This shows the gravitational wave is the transverse wave, and it can be proved that only 1 2
e ,e are not zero with the method like the theory of electromagnetic field (Weinberg, 1972) .
Substitute the equation (21) 
This shows the mass of graviton equals zero, and the velocity of gravitational wave equals the light velocity in the vacuum. So, the gravitational field is a vector field without mass, namely a gauge field. This conclusion is consistent with Utiyama's findings (Utyiama, 1956 ).
We know that if the transformation equation for the rotation angle θ of the plane wave around the propagation
we say its helicity is h (Weinberg, 1972) . Now assume the rotation angle of the polarization vector of plane gravitational wave around the propagation direction isθ , the transformation equation is
where the rotation matrix is ( ) In some literature the spin of graviton equals 2, and this is because the polarization tensor μν e of plane gravitational wave rotates artificially twice around the wave propagation direction (Weinberg, 1972) :
The Canonical Quantization of Gravitational Field
We need to know the Lagrange density
for the quantization of gravitational field. Since the graviton is boson, the gravitational field is an Abel gauge field, and its Lagrange density with gauge invariance is ( )
where
is the intensity of gravitational field. Under the Lorentz condition the equation above is equivalent to the equation as follows:
Modeling on the method of QED, the energy-momentum tensor of the free gravitational field could be obtained from the equation above:
and the angular momentum density is
Since the gravitational potential A μ is 4-vector to satisfy the Lorentz transformation, its spin The spin of graviton equals one that can be known from the equation above, and this conclusion is consistent with the previous conclusion. (20) is rewritten into the canonical form:
Hamilton density is ( )
For t t ′ = take To show the particle property of gravitational field, namely the existence of gravitons, rewrite the free gravitational field into the superposition of plane waves: Vol. 8, No. 2; 2016 It is worth noting that the commutation relation (37) does not have the obvious Lorentz invariance. To get the whole theory with the obvious Lorentz invariance, from equations (35) and (38) we obtain
the equation above has the obvious Lorentz invariance, where
and ( )
The Renormalization of Gravitational Field
The gravitational field as one of gauge fields should be renormalizable (Hooft & Veltman, 1972) . This can be proved as follows.
If we take the dimension of mass is 1and the dimension of Lagrange density is 4, then the dimension of boson and fermion is 1 and 3/2, respectively. According to the renormalization theory of gauge fields (Dyson, 1949; Zimmermann, 1970) , if the behavior of propagator is normal for great momentum and the dimension 
namely only limited several vertexes are divergence in the theory, they can be eliminated by the introduction of limited several elimination terms. For example, the dimension of coupling constant of electromagnetic field or non-Abel gauge theory equals zero, the two theories can be renormalizable. But the dimension 2 0
coupling constant of Fermi weak interaction theory, it is non-renormalizable.
From the equation (20) of gravitational field the propagator can be obtained:
This shows that the behavior of the propagator is normal for great momentum. What is the dimension g d of the coupling constant of gravity then?
We know that Lagrange density of neutral free bosons (Bjorken & Drell, 1965 ) is ( ) 2 2 2 0 1 2 μ ϕ ϕ
Without the loss of generality, assume the coupling of particle and gravity has nothing with electric charge. Use the covariant differentiation D i g A μ μ μ ≡ ∂ − instead of the partial derivative of the equation above, and the Lagrange density of the system of neutral bosons with the gravitational field is obtained
where μ A is the potential of gravity, and the interactional Lagrange density is 2 2 2 1 2
Because the dimension of A μ equals 1，then 0
Again for instance，the Lagrange density of free fermions (Bjorken & Drell, 1965 
and the Lagrange density of the system of fermions with the gravitational field is
where the interactional Lagrange density is
Then there is 0 g d = , too. Therefore, the quantum gravitational field is renormalizable. The renormalization of the quantum field can be carried out by different methods. The basic idea is to separate the divergent terms from the integral and eliminate them by the elimination terms. In the case of the equation (55), there is only the vertex of Fermion external number 2 F E = which has the divergence in the interaction，as shown in Figure 1 . According to the Feynman rules in quantum field theory, the vertex function can be written as following (Bjorken & Drell, 1965) : 
In order to keep the internal symmetry of the theory, including the gauge invariance and Lorentz invariance, we calculate the equation above by the dimensional regularization method (Bjorken & Drell, 1965) . The basic idea of the method is to transform the original integral from the 4-momentum space into the n-momentum space in order to make the original divergent integral the convergent integral, and then take 4 n → after the integral, thus the divergent term has been separated.
The conventional calculation rules of γ matrix in the dimensional regularization method are as follows: 
The vertex function in the n-momentum space is ( ) 
where the factor 
where ( 
